Design of a Heat Exchanger for Gas Turbine Inlet Air using Chilled Water System  by Karim, Z.A. Abdul et al.
Energy Procedia 14 (2012) 1689 – 1694
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee of 2nd International 
Conference on Advances in Energy Engineering (ICAEE).
doi:10.1016/j.egypro.2011.12.887
Available online at www.sciencedirect.com
 
Available online at www.sciencedirect.com
 
Energy 
Procedia   
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
2nd. International Conference on Advances in Energy Engineering 
Design of a Heat Exchanger for Gas Turbine Inlet Air using 
Chilled Water System 
Z. A. Abdul Karima, M. N. H. Mohd Azmib, A. S. Abdullahca* 
a,b, cDepartment of Mechanical Engineering, Universiti Teknologi PETRONAS 
31750 Tronoh, Perak, Malaysia 
 
 
Abstract 
Efficiency of a gas turbine is closely related to the intake air temperature. An increase in the intake air temperature 
will results in the decrease of the turbine efficiency. This paper presents the study of various offset strip-fin surface 
geometry for the design of a heat exchanger at providing a constant air temperature at the inlet side of the gas turbine 
irrespective of the change in ambient temperature. The design took into account the need to employ the available 
chilled water system from the cogeneration district cooling plant as the cooling media. Twelve combinations of offset 
strip-fin surface geometry pairs were studied in order to determine the optimum design for the heat exchanger. The 
results showed that 1/8 - 20.06 (D) for air side and 1/8 - 16.00 (D) for the chilled water side would provide the highest 
heat transfer coefficient with a good overall passage efficiency and fin efficiency. 
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1. Introduction 
Thermodynamic analyses showed that thermal efficiency and specific output of a gas turbine decrease 
with an increase of humidity and ambient temperature. In reality, gas turbine operates in an ambient 
condition that is constantly changing which affects the performance and efficiency of the plant. It is 
known that the efficiency of the gas turbine is relatively low at design point and it worsens further at part 
load operations and at off-design with high ambient temperatures. A gas turbine may experienced a 
nominal power loss of about 7% when the intake temperature increases from 15°C (at ISO conditions) to 
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25°C and could reached up to 15% lost when the ambient temperature is 36°C [1]. One way to address 
this is by placing an air cooler which is a heat exchanger at the intake side of the gas turbine which could 
maintain a constant air inlet temperature into the gas turbine. This paper presents the selection of a 
suitable heat exchanger for the gas turbine at Gas District Cooling (GDC) plant in Universiti Teknologi 
PETRONAS (UTP), Malaysia. The heat exchanger will utilized the chilled water produced in the plant as 
the cooling media to cool the required intake air to the turbine at peak condition. The GDC plant is a 
trigeneration plant which produces electrical power, process steam and chilled water for space cooling in 
UTP. The plant consists of gas turbine engine (GTE), heat recovery steam generator (HRSG), steam 
absorption chiller (SAC), air cooled chiller (ACC), cooling tower (CT), and thermal energy storage (TES). 
The gas turbine engine drives the electric generator for production of electrical power. The exhaust heat 
from the gas turbine is utilized for steam production which is then used for process heating in the steam 
absorption chiller. The chilled water produced from the steam absorption chiller is used for air 
conditioning of the building in UTP.  
The design of the heat exchanger must take into account the air mass flow, pressure drop, cooling 
capacity and demand variation. In addition, the cooling effectiveness, capacity and efficiency of the heat 
exchanger are analyzed in order to achieve an optimum design. 
2. Heat transfer requirement 
To achieve an optimum heat transfer, the mass flow rate of the chilled water must be able to transfer 
all the heat from the air and cool it down to the desired temperature. The energy rate balance for the heat 
transfer process is determined with the following assumptions: 
(a) Specific heats for both air and chilled water are constant. 
(b) Mass flow rate of air into the turbine is constant and steady. 
(c) Heat transfer rate out of the air is equal to the heat transfer rate to the chilled water. 
(d) Maximum temperature increase between the chilled water supply and return is 7oC. 
(e) Temperature at the exit of the heat exchanger is constant at 20oC. 
 
Hence; 
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Where pc  is the specific heat constant, m  is the rate of mass transfer, and T  is the temperature of air and 
chilled water. The subscripts a  and w  refer to air and chilled water, respectively. 
3. Plate-Fin Heat Exchanger 
Plate-fin heat exchanger is a compact type heat exchanger consisting of alternating layers of 
corrugated fins separated by flat metal plates known as parting sheet to form a series of finned passages 
and enclosed at the edges by side bars. Heat is transferred from the hot stream through the fin interface to 
the parting sheet (which separates the two flow streams) and through the alternating layer fins into the 
cold stream. Offset strip-fin is selected due to its large heat transfer surface area per unit volume and high 
thermal efficiency, which is an important aspect in plate-fin heat exchanger design [2, 3]. There are 
various specifications of surface sizing specifically for offset strip-fin, but for this research work, only 
four different sizing which are relatively common in industries were selected, as shown in Table 1.  The 
strip-fin parameters are shown in Fig. 1. 
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3.1. Heat exchanger sizing 
The overall dimensions of the heat exchanger are given by [4]; 
Exchanger height        ( ) ( )cccshh abnabnH +++=             (2) 
Overall volume        WDHV =               (3) 
Frontal area (hot side)      HWA h,f =               (4) 
Frontal area (water side),  HDA c,f =               (5) 
Where, n is the number of stacks, b is the separation plate spacing, W and D are the width and length of 
the heat exchanger respectively. Subscripts h and c refer to the air side and the chilled water side 
respectively. 
 
The total surfaces and total flow areas are given by; 
 VS ii α=                  (6) 
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Where α  is the ratio of the total surface on one side to the total surface on both sides, β  is the ratio of 
total surface area to the total volume on one side of the heat exchanger. Subscript i represents the air or 
chilled water. 
Table 1: Type of Surface Geometry for Offset 
Strip-Fins ⅛ − 13.95
⅛ − 
16.00D 
⅛ − 19.82D
⅛ − 
20.06D 
bh (10e-3 m) 9.54 6.48 5.21 5.11 
Fins per inch 13.95 16 19.82 20.06 
d (10e-3 m) 2.68 1.86 1.54 1.49 
δ (10e-3 m) 0.254 0.152 0.102 0.102 
β (m²/m³) 1250 1804 2231 2290 
Sf / S 0.84 0.845 0.841 0.843 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Offset strip-fin geometric parameters  
1692  Z. A. Abdul Karim et al.\ / Energy Procedia 14 (2012) 1689 – 16944 Author name / Energy Procedia 00 (2011) 000–000 
3.2. Heat Transfer coefficient 
Heat transfer data are correlated based on the following dimensionless parameter [5]; 
 Colburn factor 3
2
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 Stanton number 
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NuSt ⋅=             (10) 
 Nusselt number 
K
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 Reynolds number μ
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Where 
i
i
i A
mG
=  is the mass velocity through the minimum frontal flow area. 
Substituting equations (11), (12) and (13) into (10) yields; 
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By substituting eq. (14) into eq. (9) and rearranging, the heat transfer coefficient can be found from; 
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3.3. Pressure drop correlation 
The expression that relates pressure drop for a compact heat exchanger is computed from [6]; 
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The Fanning friction factor, f. and the Colburn factor, j are extracted from [6, 7]. 
3.4. Fin and heat exchanger overall passage efficiencies 
The fin efficiency correlation for the air and chilled water side is given by [4]; 
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Where ( ) 212 i,fifi,o KhY δ=  
The overall passage efficiency can be computed from; 
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The heat transfer coefficient for the air and chilled water sides (not including fouling) are given by; 
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4. Results and Discussion 
The parameters for the energy rate balance for the heat transfer in the heat exchanger between the hot 
ambient air to the chilled water are as shown in Table 2; 
Table 2: Sizing combination for strip-fins 
Description Air Chilled water 
Inlet temperature Ta1 varies from 23oC to 36oC Tw1 maintained at 7oC 
Outlet temperature Ta2 constant at 20oC Tw2 maintained at 13oC 
Mass flow rate 
am  at 19 kg/s wm  determine using eq. (3) 
Specific heat  1.005 kJ/kg.K  
 
Based on the four types of surfaces shown in Table 1, twelve combinations of sizing for the hot and 
cold side computed and compared, as shown in Table 3. For the hot side (air), assume 200 single stacks, 
400 cm long by 400 cm wide. The surface is composed of a single splinter plate 0.635 cm (0.25 in) high 
and 0.0127 cm (0.005 in) thick. For the cold side (chilled water), assume 201 single stacks, 400 cm long 
by 400 cm wide. The surface is composed of a surface 0.254 cm (0.1 in) high with a single splinter plate 
0.0127 cm (0.005 in) thick. The separation plates are chosen to be of aluminium with 0.0127 cm thick. 
Table 3: Sizing combination for strip-fins 
No Air Water 
1  1/8 - 20.06 (D)  1/8 - 13.95 
2  1/8 - 20.06 (D)  1/8 - 19.82 (D) 
3  1/8 - 20.06 (D)  1/8 - 16.00 (D) 
4  1/8 - 19.82 (D)  1/8 - 16.00 (D) 
5  1/8 - 19.82 (D)  1/8 - 13.95 
6  1/8 - 16.00 (D)  1/8 - 13.95 
7  1/8 - 19.82 (D)  1/8 - 20.06 (D) 
8  1/8 - 13.95  1/8 - 16.00 (D) 
9  1/8 - 13.95  1/8 - 19.82 (D) 
10  1/8 - 16.00 (D)  1/8 - 20.06 (D) 
11  1/8 - 13.95  1/8 - 20.06 (D) 
12  1/8 - 16.00 (D)  1/8 - 19.82 (D) 
 
Figures 2-4 show the results of the overall passage efficiency, fin efficiency and heat transfer 
coefficient respectively of the strip-fin combination. Based on Fig. 2, combination No. 2, 3, 4, and 7 
showed the highest passage efficiency for both the air side and the chilled water side. Fig. 3 depicted that 
combination No. 7 provides the best fin efficiency for both heat transfer surfaces followed by 
combination No.2, while combination No. 3 and No. 4 show similar performance. Fig. 4 also indicate that 
combination No. 3 and No. 4 have similar heat transfer characteristics, with higher heat transfer 
coefficient for both the air and chilled water, while combination No. 7 shows a lower value. 
5. Conclusion 
The study investigated the suitability of various plate-fin surface types for the design of a heat 
exchanger in determining the ability to reduce the ambient air temperature to a constant outlet 
temperature of 20oC. The selection of heat transfer surface type is closely related to the pressure drops 
across the heat exchanger. As shown in the findings, changing the number of fins per length would 
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change the heat exchanger performance. The results from this study also help the authors to compare 
similar work undertaken for rectangular fin-tube and spirally coiled fin-tube heat exchangers in the 
selection of an optimum design. 
 
 
Fig. 2: Overall passage efficiency       Fig. 3: Fin efficiency 
Fig. 4: Heat transfer coefficient 
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